Using the Westerbork Synthesis Radio Telescope (WSRT), we obtained hightime-resolution measurements of the full (linear and circular) polarization of the Crab pulsar. Taken at a resolution of 1/8192 of the 34-ms pulse period (i.e., 4.1 µs), the 1.38-GHz linear-polarization measurements are in general agreement with previous lower-time-resolution 1.4-GHz measurements of linear polarization in the main pulse (MP), in the interpulse (IP), and in the low-frequency precursor (LFP). Consistent with previous measurements, we find the MP and LP to be linearly polarized at about 24% and 21%, with no discernible difference in polarization position angle. Furthermore, we find no evidence for variation (sweep) in polarization position angle over the MP, the IP, or the LFP. However, the main pulse exhibits a small but statistically significant quadratic variation in the degree of linear polarization. In addition, we detect weak circular polarization in the main pulse and interpulse, and strong (≈ 20%) circular polarization in the low-frequency precursor, which also exhibits very strong(≈ 98%) linear polarization at a position angle about 40
Introduction
The Australia Telescope National Facility Pulsar Catalog (Manchester et al. 2005) lists over 2300 radio pulsars. Several radio studies (e.g., Gould & Lyne 1998; Karastergiou & Johnston 2006; Weltevrede & Johnston 2008) have measured the polarization for many of these pulsars. Radio pulsars typically show moderate-to-strong linear polarization (P), being stronger for those of higher spin-down energy-loss rate (Weltevrede & Johnston 2008, Figure 8) . The linear polarization sometimes exhibits a characteristic swing or sweep of the position angle in an S-like shape near the pulse center, which is routinely interpreted in terms of the rotating vector model (RVM, Radhakrishnan & Cooke 1969) . For this model the point of emission is assumed to be in the polar cap region of the pulsar where a dipolar magnetic-field line points with a small angle (beamwidth) towards the observer. The two free parameters of this simple model are the angle between the axes of rotation and the orientation of the magnetic dipole, and the view angle between the line of sight and the rotation axis. The variation of the radio position angle from some pulsars (e.g., Lyne & Graham-Smith 2006 , and references therein) can be described by this model.
The Crab pulsar, the compact remnant of SN1054, and its pulsar wind nebula (PWN) are amongst the most intensively studied objects in the sky. The pulsar is one of the youngest and most energetic and its pulsed emission has been detected from 10 MHz (Bridle 1970) up to 400 GeV by VERITAS (Aliu et al. 2011 ) and by MAGIC (Aleksić et al. 2012 ). The PWN is detected at energies up to 100 TeV (Aharonian et al. 2004 (Aharonian et al. , 2006 Allen & Yodh 2007; Abdo et al. 2012) . Both the pulsar and nebula are predominantly sources of nonthermal radiation (synchrotron, curvature, and Compton processes), indicated not only by the broadband spectral continua but also by strong polarization in many wavelength bands (Lyne & Graham-Smith 2006; Bühler & Blandford 2013 ).
In the visible band, spatially-resolved polarimetry of the nebula, which began over a half century ago (Oort & Walraven 1956; Woltjer 1957) , continues (e.g., , and references therein). Owing to its brightness, phase-resolved optical polarimetry of the pulsar has also been possible (Jones et al. 1981; Smith et al. 1988; S lowikowska et al. 2009 ). However, phase-resolved X-and γ-ray polarimetry measurements of the Crab pulsar require space-based instruments, which have had limited sensitivity. OSO-8 observations (Silver et al. 1978) of the Crab established only upper limits to the X-ray (2.6-keV and 5.2-keV) polarization of the pulsed emission. INTEGRAL IBIS observations (Forot et al. 2008; Moran et al. 2014 ) also detect no significant pulsed γ-ray (200-800-keV) polarization, although the off-pulse emission appears highly linearly polarized and probably associated with structures close to the pulsar rather than with the pulsar itself.
The Crab pulsar's light curve exhibits different features at different wavelengths but it is currently the only pulsar for which the principal features in the light curve persist over all wavelengths, from radio to γ-rays. There are two principal components-the main pulse (MP) and the interpulse (IP). This double-peak structure remains more-or-less phase-aligned over all spectral bands (Moffett & Hankins 1996; Kuiper et al. 2001) . One of several additional features in the radio band is the low-frequency precursor (LFP, e.g., Moffett & Hankins 1996; 1999) or component, having very low amplitude and occurring ≈ 0.10 fractional pulse phase before the MP. Manchester (1971) measured the linear polarization of the Crab pulsar's MP and LFP components at two radio frequencies. The 0.410 GHz measurements found the MP to be 20% linearly polarized at position angle 140
• and the LFP to be 80% linearly polarized at position angle 140
• . The 1.664 GHz measurements found the MP to be 24% linearly polarized at position angle 60
• and the LFP to be completely absent. As these measurements had rather large uncertainties and were obtained with a time resolution 1/256 of the pulse period, they were quite limited for detecting variation of the linear polarization degree or position angle within a feature. However, Manchester noted a suggestion of rotation of the 1.664-GHz polarization position angle by about 30
• through the MP.
More recently, Moffett & Hankins (1999) examined the pulse-profile morphology and polarization properties at three radio frequencies-1.424 GHz, 4.885 GHz, and 8.435 GHzwith a time resolution of 256 µs (about 1/130 of the pulse period). The 1.424 GHz measurements found the MP to be 25% linearly polarized at position angle 120
• ; the IP, 20% at position angle 120
• ; and the LFP, 45% at position angle 155
• . Moffett & Hankins note that the polarization position angle "changes across the full period, although not significantly within components".
Here we first report our observations ( §2), using the Westerbork Synthesis Radio Telescope (WSRT) in the Netherlands, of the full (linear and circular) 1.38-GHz polarization of the Crab pulsar, at high time resolution. We then describe the polarimetry analysis and results ( §3 and Appendix A) for the three pulse components, with a primary objective of determining the sweep of the position angle across each. Next we discuss the implications ( §4) of our measurements and analysis upon theoretical models for the pulsar emission. Finally, we summarize our conclusions ( §5).
The Observations
The WSRT observations were conducted on 2011 August 8, using 14 25-m-diameter dishes, which are combined coherently for pulsar observations, to form the equivalent of a 94-m dish. To combine coherently the dishes, correlated data from observation of a bright calibrator source is used to determine phase delays between dishes. This is initially done using an unpolarized calibration source to determine the delays between the two linear polarizations separately, and is followed by an observation of a polarized calibrator to determine any residual delays between the two polarizations. The interferometric nature of the WSRT means that it partially resolves out the radio-bright Nebula, thus improving sensitivity over typical single-dish observations. Moreover the WSRT is an equatorially mounted telescope, so there is no need to correct for parallactic angle.
The PuMa-II (Karuppusamy et al. 2008 ) pulsar back-end was used to record Nyquistsampled voltages at a resolution of 8 bits, across a bandwidth of 160 MHz at a central frequency of 1380 MHz, for PSRs B0531+21 (Crab) and for B0355+54, for a total of 144 and 18 minutes, respectively. The data were subsequently coherently de-dispersed and folded using the DSPSR (van Straten & Bailes 2011) software package. Polarization profiles were formed after correcting for (frequency-dependent) interstellar Faraday rotation (rotation measure RM = −42.3 ± 0.5 rad m −2 ) of the position angle, using the PSRCHIVE software package (van Straten et al. 2012) . The polarization calibration was already carried out when forming the coherent sum of the dishes, nevertheless PSR B0355+54 was observed to verify that no further polarization calibration was required. Comparison with the profile observed by Gould & Lyne (1998) showed that the polarization calibration matched exactly. The Crab-pulsar profile was folded using the Jodrell Bank Ephemeris 1 with 8192 bins (about 4.1 µs/bin) across the pulse profile, matching the time resolution of the data after filter-banking and coherent de-dispersion. This time resolution was chosen also to match approximately broadening caused by scattering of the Crab pulsed emission by free electrons in the Crab Nebula. which fully characterize the polarization-folded on the pulse period. Unfortunately, we were unable to determine the absolute polarization position angle for the Crab pulsar observation. Instead, we selected a coordinate system for the Stokes parameters such that the MP has U = 0 and Q < 0. Inspection of Figure 1 immediately shows that our 1.38-GHz observations detect the flux and polarization of three components-MP, IP, and LFP. Like the MP, the IP has U ≈ 0 and Q < 0; but the LFP has U < 0 and Q ≈ 0: Thus, the polarization position angles for the MP and the IP are roughly equal but differ from that of the LFP by about 40
• (cf. Eq. 2). Similarly, but less obviously, the circular polarization of the MP and the IP are comparable, but that of the LFP has opposite polarity.
Analysis and Results
While the Stokes parameters have the virtue that they are statistically independent, the more intuitive parameters are the linear-polarization degree p L (Eq. 1) and position angle ψ (Eq. 2), and the circular-polarization (signed) degree p C (Eq. 3):
(1)
For the MP, we estimate p L (ϕ), ψ(ϕ), and p C (ϕ) by directly applying Equations 1, 2, and 3 to the measured I, Q, U, and V over the main pulse.
Figures 2, 3, and 4 display the direct estimates of p L (ϕ), ψ(ϕ), and p C (ϕ), respectively, over the MP. The MP is about 24% linearly polarized at approximately 90
• position angle with respect to the adopted coordinate system; it is about −1.5% circularly polarized (i.e., left-handed). Neither p L (ϕ), ψ(ϕ), nor p C (ϕ) exhibits any obvious variation through the pulse. The increasingly large excursions near the extremes of the plot ranges result from the low-signal-to-noise ratio in the wings of the pulse. In order to deal effectively with lowsignal-to-noise data in the wings of the MP and throughout the weaker pulses, especially the LFP, we adopt a more rigorous forward-modeling approach to fit the measured Stokes data to the modeled I(ϕ), Q(ϕ), U(ϕ), and V (ϕ):
Appendix A describes in some detail our approach for fitting polarization models to the Stokes data. As Figures 2, 3, and 4 indicate that neither p L (ϕ), ψ(ϕ), nor p C (ϕ) varies rapidly across the pulse profile (at least for the MP), the approach simply models p L (ϕ), ψ(ϕ), and p C (ϕ) as Taylor-series expansions in the phase-angle offset ∆ϕ ≡ (ϕ − ϕ 0 ) from the center ϕ 0 of the respective pulse feature (MP, IP, or LFP). Table 1 tabulates the best-fit Taylor-expansion coefficients for the polarization dependence upon phase-angle offset: • of pulse phase. NB: Behavior near the extremes of the plot range is an artifact of low signal-to-noise ratio in the wings of the pulse.
An important conclusion of this study is that the the Stokes data are consistent-within statistical uncertainties-with constant polarization position angle ψ across each of the three pulse features (MP, IP, and LFP) individually. However, the MP does exhibit a small but statistically significant quadratic variation in the linear-polarization degree p L . While our 1.380-GHz polarimetry of the Crab pulsar has finer time resolution and better statistical accuracy than previous 1.424-GHz polarimetry (Moffett & Hankins 1999) , measured values for the polarization degree and position angle (relative to MP) are mostly similar for the MP and for the IP. The only significant difference is for the LFP's linear polarization degree and position angle. We measured nearly total (98% ± 6%) linear polarization at a +40.8
• ± 1.5
• Fig. 3 .-Direct estimate of the relative polarization position angle ψ over the MP, as a function of pulse phase ϕ. The (relative) polarization position angle is ψ ≈ 90
• and does not change perceptibly over the central 5
• of pulse phase. NB: Behavior near the extremes of the plot range is an artifact of low signal-to-noise ratio in the wings of the pulse. position-angle offset from the MP, whereas Moffett & Hankins (1999) found the LFP to be ≈ 40% linearly polarized at a ≈ +30
• position-angle offset from the MP. We also detect circular polarization, which is moderately strong in the LFP (20.5 ± 4.9%) but weak and opposite polarity in the MP (−1.3% ± 0.2%) and in the IP (−3.2% ± 0.9%). In contrast with Moffett & Hankins, we find no significant variation in the circular polarization across any of the three pulse components MP, IP, and LFP.
Another important conclusion-albeit peripheral to the polarimetry-relates to substructure in the pulse profile of the MP. The fine time resolution and better statistical accuracy of our radio observation of the Crab pulsar resulted in measurement of statistically significant substructure (Appendix A.3) in the profile of the main pulse ( Figure 5 ). The typical width of the substructure is roughly 10 µs-i.e., ≤ 0.1 the width of the MP profile. As Fig. 4 .-Direct estimate of the fractional circular polarization p C over the MP, as a function of pulse phase ϕ. The degree of circular polarization is p C ≈ −1.5% (i.e., left-handed) and does not change perceptibly over the central 5
• of pulse phase. NB: Behavior near the extremes of the plot range is an artifact of low signal-to-noise ratio in the wings of the pulse. the current analysis utilizes the sum of all data collected during the observation at a single epoch (2011 August 8), we have not assessed the temporal behavior of the profile. However, we presume that this substructure results from sporadic giant radio pulses (Bhat et al. 2008; Karuppusamy et al. 2010; Majid et al. 2011; Hankins et al. 2003) occurring during the 144-minute observation. Note that, although the substructure is readily apparent in the I profile of the MP, the subpulses contribute only about 5% of the fluence in the MP over the observation.
We also note that our WSRT-measured pulse-phase offsets of the IP and of the LFP from the MP are in good agreement with contemporaneous measurements at Jodrell Bank (Lyne et al. 2013 ). This tends to support the conclusion of Lyne et al. (2013) that the phase 
Implications for Theoretical Models
The MP and IP appear at roughly the same pulse phase from radio to γ-ray wavelengths, suggesting that their emission originates from a similar location in the magnetosphere at all wavebands. Modeling of γ-ray light curves from the many pulsars observed by the Fermi Gamma-ray Space Telescope (Abdo et al. 2013 ) strongly indicates that the high-energy emission originates in the outer magnetosphere, at altitudes comparable to the light cylinder radius (Romani & Watters 2010; Pierbattista et al. 2013) . Outer magnetosphere emission models, such as the outer gap (Romani & Yadigaroglu 1995) , slot gap (Muslimov & Harding 2004) , and current sheet (Pétri & Kirk 2005) had been proposed and studied prior to the Fermi observations, but their emission geometry seems to account for the characteristics and variety of observed γ-ray light curves. In addition, Fermi has discovered a number of γ-ray millisecond pulsars whose radio peaks, like the Crab pulsar, are nearly aligned with their γ-ray peaks (e.g., Espinoza et al. 2013) . Modeling both the γ-ray and radio light curves of these pulsars with the same outer magnetosphere emission models used to model young pulsars has suggested that their radio emission may originate from very high altitudes (Venter et al. 2012 ).
Emission at altitudes comparable to the light-cylinder radius produce caustic peaks, formed by cancellation of the phase differences due to aberration and retardation with that due to the field-line curvature of radiation along the trailing magnetic-field lines. In the outer magnetosphere models, the peaks in the light curves form when the observer's sight line sweeps across one or more of the bright caustics. The caustics display distinct linear polarization characteristics (Dyks & Rudak 2003) , including fast sweeps of the position angle and dips in polarization degree at the peaks, which are caused by the piling up of the radiation emitted at a large range of altitudes and magnetic-field directions into the caustics. These characteristics are in fact seen in the optical polarization of the Crab pulsar (S lowikowska et al. 2009 ), which exhibits rapid swings of the position angle across both the MP and IP, as well as dips in polarization degree to the 5% level on the trailing edge of each peak.
From the results presented in this paper, however, the characteristics of the radio linear polarization of the MP and IP resemble neither those of caustics in existing geometric models nor those observed in the optical emission. The lack of position-angle swing in the radio MP and IP is in stark contrast to the rapid position-angle swings of the optical. The very low circular polarization and moderate linear polarization observed here in the radio MP and IP are consistent with caustics, but the observed linear-polarization values (≈ 22%) in the radio are significantly higher than those of the optical, and there is only a small variation with phase in the MP. On the other hand, the radio pulses are much narrower than the optical pulses, indicating that the radio MP and IP may originate along a smaller range of altitudes and/or subset of field lines. We used the method of Dyks et al. (2004) to model linear-polarization degree p L and position angle ψ for smaller ranges of altitude and smaller gap widths than in standard slot-gap or outer-gap models. Although these model ranges produce narrower caustic peaks with less position-angle swing and depolarization, it is difficult to produce both ψ(ϕ) and p L (ϕ) curves with no variation at the peaks. We modeled the emission using both retarded-vacuum-dipole (Deutsch 1955 ) and force-free (Contopoulos & Kalapotharakos 2010 ) magnetic-field geometries. While the force-free geometry, whose poloidal field lines are straighter than those in vacuum, can give a flat position angle (ψ ′ (ϕ) ≈ 0)) for certain inclination and viewing angles, the model's p L shows strong variation across the peaks in contradiction with the data.
It is possible that the radio linear polarization in the MP and LP is very sensitive to the magnetic-field structure. Existing models explored only the two extremes of vacuum (with accelerating fields but no plasma) and force-free (with plasma but no accelerating fields), neither of which describe real pulsars. More realistic, dissipative magnetosphere models with finite conductivity now exist (Kalapotharakos et al. 2012; Li et al. 2012 ) and should be used to model light curves and polarization characteristics. It is also possible that the radio emission in the MP and IP occurs along sets of field lines that lie deeper within the open/closed field boundary or the current sheet and have different polarization properties.
The low-frequency precursor (LFP) is substantially weaker than the MP and IP at 1.4 GHz. As its name suggests, the LFP is not detected at radio frequencies higher than a few GHz and has no corresponding component in the visible band. The nearly complete radio polarization (p L ≈ 98% and p C ≈ 20%) of the LFP support the hypothesis that it is a highly coherent, low-altitude core component.
Conclusions
Our 1.38-GHz observations of the Crab pulsar measured significant linear and circular polarization in the three most prominent pulse components-the main pulse (MP), inter pulse (IP), and low-frequency precursor (LFP). These results are mostly in agreement with previous measurements of linear polarization at similar radio frequencies (cf. Moffett & Hankins 1999) . The MP and IP are moderately linearly polarized (p L ≈ 24% and 21%, respectively) at the same position angle (ψ IP − ψ MP ≈ 0); they are weakly circularly polarized (p C ≈ −1.3% and −3.2%, respectively). In contrast, the LFP is very strongly linearly polarized (p L ≈ 98%), at a position angle +40
• from that of the MP or IP, and moderately circularly polarized (p C ≈ 20%).
The fine time resolution (Period/8192 = 4.1 µs) and good sensitivity of the measurements at the Westerbork Synthesis Radio Telescope (WSRT) enabled a meaningful search for changes in linear-polarization degree p L , in position angle ψ, and in circular-polarization degree p C across each of the three pulse components. Neither the MP, IP, nor LFP exhibits a statistically significant change in the polarization position angle or circular polarization across the pulse. For the MP, the linear term ("sweep") is well constrained: ψ The lack of strong sweeps in position angle contrasts with the rapid swings observed in the visible band. Current models for pulsar emission geometries do not readily account for the absence of substantial variations in both polarization degree and position angle across a pulse component. Thus, alternative models-e.g., dissipative magnetopheres-should be considered in modeling the radio polarization of the Crab pulsar's MP and IP. The nearly complete polarization of the LFP suggest that it originates at a different location and via a different mechanism than do the stronger MP and IP.
Finally, the fine time resolution and high signal-to-noise ratio in the MP data led to detection of statistically significant substructure in its pulse profile. We surmise that this substructure results from giant radio pulses occurring during the 144-minute observation. • . We use data over the remaining phase ranges to measure the off-pulse mean and the root-of-mean-square (RMS) noise in I, Q, U, and V . For convenience, we pre-process the raw data by subtracting the respective off-pulse mean value, under the assumption that the expectation values for I, Q, U, and V are zero away from pulse features. Furthermore, we take the RMS noise levels as estimators of the statistical standard deviations σ I , σ Q , σ U , and σ V .
In order to fit the model to the data for each pulse feature, we minimize the chi-square statistic of the combined Stokes data
with respect to a set ̟ of K model parameters, leaving ν = N − K degrees of freedom. We obtain the statistical uncertainty in each parameter, based upon ∆χ 2 = χ 2 −χ 2 min . To perform the χ 2 analysis, we used the Mathematica TM (Wolfram 2013) function NonlinearModelFit 2 , which finds the best-fit model parameters, their errors, the correlation matrix amongst them, etc.
Modeling the Stokes data requires parameterized functions for the pulse profile I(ϕ), the linear-polarization fraction p L (ϕ), the polarization position angle ψ(ϕ), and the circularpolarization fraction p C (ϕ) (cf. Equations 4, 5, and 6 for Q(ϕ), U(ϕ), and V (ϕ), respectively).
As there is no evidence for rapid changes in polarization degree or position angle over a pulse feature (cf. Figures 2, 3, and 4) , simple Taylor-series expansions suffice:
To parameterize the pulse profile, we use a Gaussian ( §A.2) for each pulse feature (MP, IP, or LFP) or multiple Gaussians ( §A.3) for the MP.
A.2. Single-Gaussian fits to the MP, the IP, and to the LFP
To complete the parameterized model for the four Stokes functions, we assume a Gaussian profile:
with I 0 the value of I(ϕ) at pulse center, σ ϕ the Gaussian width, and ϕ 0 the phase at the pulse center. Combining this parameterization with Equations 4, 5, 6, A2, A3, A4, the full model for the other three Stokes functions follows: 
Figures 6, 7, and 8 display the Stokes data for the MP, IP, and LFP, respectively. The lines represent the best-fit (minimum-χ 2 ) Stokes functions (Equations A5, A6, A7, and A8) for a single-Gaussian profile I(ϕ) and up-to-quadratic variations in linear-polarization degree p L (ϕ), in position angle ψ(ϕ), and in circular-polarization degree p C (ϕ). Tables 2, 3 , and 4 tabulate the results of the χ 2 analysis for a Gaussian profile and retaining polarization terms (Equations A6, A7, and A8) through, zeroth, first, and second order, respectively. For each pulse feature-MP, IP, and LFP-the tables list the minimum χ 2 and degrees of freedom ν for I, Q, U, and V data sets combined and separately, followed by best-fit estimators and (1-sigma) uncertainties for the 3 pulse-profile parameters (I 0 , σ ϕ , ϕ 0 ) and for the relevant polarization coefficients (p L0 , p
). Note that these three tables reference the pulse-phase angles (ϕ 0 ) and polarization position angles (ψ 0 ) to the MP, as we set ϕ MP ≡ 0 and were unable to obtain an absolute measurement of position angle . Table 4  with Table 3 or 2), but not for the IP nor for the LFP. Table 2 shows that a single-Gaussian profile and constant polarization degree and position angle provide a statistically adequate fit to the Stokes data for the IP and for the LFP. However, the simple model does not provide a statistically adequate fit to the Stokes data for the MP, at least in part due to the higher signal-to-noise ratio in the MP Stokes data. Consequently, we here investigate more complicated models in order to improve the goodness of the χ 2 fits to the MP Stokes data. In particular, we investigate using a multi-Gaussian function for the MP pulse profile. Table 5 lists the minimum χ 2 and degrees of freedom ν for I, Q, U, and V data sets combined and separately, followed by best-fit estimators and (1-sigma) uncertainties for the 9 polarization coefficients (p L0 , p
A.3. Comparison of model fits to MP
) of the Taylor expansion through second order.
Comparison of the column "MP" in Table 3 with that in Table 4 (or, equivalently, with the column "1-Gaussian" in Table 5 ) finds that inclusion of the three quadratic polarization coefficients-especially p The main cause of the poor fit of the 1-Gaussian model to the MP data, however, has nothing to do with polarization. Figure 5 illustrates that, for the fine time resolution and the high signal-to-noise of the MP data, substructure in the pulse profile is quite evident. Using a 6-Gaussian (2 broad and 4 narrow) profile for I(ϕ) substantially improves the fit.
Comparing the column "6-Gaussian" with "1-Gaussian" in Table 5 finds that inclusion of 15 = 5 × 3 additional (Gaussian) parameters reduces χ 2 I by 1415 (from 2210 to 795). Even so, the fit to the Stokes data is not formally acceptable.
It is important to note that the best-fit expectation values and uncertainties for the polarization coefficients (p L0 , p ) are rather insensitive to details of the pulse profile. Thus, we compensate for fine substructure in the pulse profile by increasing the estimators for the measurement standard deviations until a statistically acceptable fit is achieved. That is, we adjust σ I , σ Q , σ U , and σ V until (Eq. A1) χ 2 I /ν I , χ 2 Q /ν Q , χ 2 U /ν U , and χ 2 V /ν V , respectively, are close to unity. The column "1-Gaussian (Adj.)" in Table 5 shows the best-fit polarization parameters for a single-Gaussian profile, with weightings adjusted as described. The only noticeable effect of this adjustment upon the bestfit polarization parameters is a small change-typically an increase-in their uncertainties. The uncertainties quoted in Table 1 ( §3) are the typically more conservative values obtained using the single-Gaussian profiles and adjusted weightings. 
